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Abstract. Background/Aim: This study characterized lung
cancer (LC) in Portugal, to capture sex differences,
regional variation, and spatial distribution. Patients and
Methods: Variables: age, sex, vital status, region of
residence, degree of urbanization, histologic types and
stage at diagnosis. Spatial analyses conducted to identify
high (HIC) and low incidence (LIC) clusters. Results: In
total, 11,642 cases were diagnosed (76.6% male, 23.4%
female), with a similar mean age at diagnosis. There were
23,6% locally advanced and 58.4% metastatic disease
cases, with 13.4% alive five years after diagnosis. Non-
small-cell LC accounted for 77.3% of which 40.8% was
adenocarcinoma and 22.7% was squamous cell carcinoma.
Standardized incident rate (IR) was 37.5/105, 65.2/105 in
males, and 15.7/105 in females, with four HIC (urban)
clusters and four LIC (non-urban). Conclusion: This study
highlighted the sex differences in incidence, mortality,
histology, and geographic distribution of LC in Portugal.
Considering the advanced stages and the poor overall
survival, understanding sex and geographic differences is
important for public health interventions.
Worldwide, lung cancer (LC) remains the leading cause of
cancer incidence and mortality, with 2.1 million new LC
cases (11.6% of the total) and 1.8 million deaths reported in
2018, representing 18.4% of all cancer deaths (1). In males,
LC is the most frequent cancer and the leading cause of
cancer-related death, while amongst females it is the third
most frequent and second cause of cancer-related death (1).
Incidence rate (IR) and patterns of LC vary according to the
geographical area, ethnicity, differences in tobacco exposure
(including intensity and duration of smoking), type of
cigarettes, and degree of inhalation, as well as, environmental
factors (1, 2). Globally, there is a reported higher LC incidence
in males than females with a sex ratio of 2.1:1 (2, 3).
In 2017, within the European Union, LC had the highest
predicted age-standardized cancer mortality rate in both
sexes, corresponding to about 20% of total cancer deaths (4).
Since 2012, LC mortality in females has risen by 5.1%
whereas it has decreased by 10.7% in males. This decrease
in male LC mortality correlates with the decreased
prevalence of smoking in males in recent decades (4). In
Portugal, LC is the fourth most common cancer representing
9.8% of all cases and the main cause of cancer-related
mortality (17.3%) in 2018 (5). Regarding sex, LC is the third
most frequently occurring cancer in males and the fourth in
females with a male to female IR of 3.1:1 (5).
According to the last report in 2017, published by Direção
Geral da Saúde (DGS) (Portuguese General Health Directorate),
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mortality in males slightly decreased in the last five years by
1.2%, but conversely increased by 16.3% in females. Mortality
is expected to continuously rise over the next few years due to
the changes in tobacco consumption in females (6).
More than 80% of lung cancers in Western populations are
attributed to smoking and the disease can be largely
prevented through tobacco control (1). Other factors than
active tobacco use, account for about 15% of cases in
females and 10% in males (7). Studies also reported an
increasing trend in the incidence of LC among non-smokers,
especially in Asia (8). Despite the limited data available on
never-smokers, studies show that females are more likely to
have non-smoking associated LC than males (2). 
Globally, LC imposes a major disease burden and little
improvement in LC survival was made despite considerable
advances in patient survival over the last several decades for
other cancer types (e.g., breast and prostate). The lack of
improvement in LC survival is largely attributed to late
diagnosis of advanced stage disease, limited treatment
options, and poor survival prognosis (9).
The use of spatial statistical analysis is an effective method
to understand geographic patterns of disease and to detect
spatial clusters based on smaller units such as municipalities
(10). This type of geographic information is important for
planning cancer control and prevention activities that need to
be adjusted to the different profiles identified.
The last report from the Portuguese National Cancer Registry
published in 2010 provided a national overview on LC
incidence and mortality per sex and district of residence (11).
Our study, characterized LC in Portugal by adding to the current
knowledge regarding histology, stage at diagnosis, and place of
residence. To our knowledge, this is the first study applying
spatial statistical analysis using population-based lung cancer
data, which may be critical for future health interventions. 
To provide a national overview of LC in Portugal, this
study aimed to: 1. characterize LC patients registered in the
regional oncologic registries between 2009 and 2011, and
followed up until 2016, in terms of age, sex, vital status at 1,
3, and 5 years, region of residence, degree of urbanization, and
tumor histology and stage at diagnosis; 2. analyze incidence
rates per sex and region; and 3. identify mainland’s spatial
distribution of high (HIC) and low incidence clusters (LIC)
and describe their characteristics in terms of age, degree of
urbanization, histology, and stage at diagnosis. Understanding
LC patient characteristics, identifying critical incidence zones
and potentially related factors, may be helpful for the
development of future health strategies to support early
detection and a better control of LC in Portugal. 
Patients and Methods
Data and sources. We identified invasive lung cancer cases (ICD-
10 code C34) (12) registered on the years 2009, 2010, and 2011
from all population-based cancer registries in Portugal: North
(RORENO), Central (ROR-CENTRO), South and Madeira (ROR-
SUL), and Azores (RORA) to have national coverage. We submitted
data requests to each registry coordinator and obtained ethics
committee approvals. Informed consent was not required as data
received were already anonymized. 
The following variables across all registries were analyzed: age
at diagnosis (years and according to age group: <40, 40-49, 50-59,
60-69, 70-79 and 80+), sex (male/female), tumor stage (I, II, III, IV),
and vital status (alive/dead at 1, 3, and 5 years following diagnosis).
The regions of residence were North, Central Region, Lisbon
Region, Alentejo, Algarve, Madeira islands, and Azores islands.
Histologic types and respective morphology codes were aggregated
by non-small cell lung cancer (NSCLC): NSCLC not otherwise
specified (NOS) (ICD-O-3 code: 8046), adenocarcinoma (ADC)
(8050, 8140-41, 8143, 8190, 8211, 8250-55, 8260, 8310, 8320, 8323,
8480-81, 8490, 8550, 8572, 8574), squamous cell carcinoma (SQCC)
(8052, 8070-76, 8078, 8083-84, 8120, 8123), and others (8004,
8012-13, 8021-22, 8031-33, 8035, 8082, 8200, 8240-41, 8244, 8246
8249, 8430, 8560, 8562, 8575). Small cell lung carcinoma (SCLC)
(8002, 8041-45) and other unspecified (OU) (8000, 8001, 8010,
8020, 8230) were also aggregated and reported (13). 
The 278 mainland and the 11 Madeira island municipalities were
classified as densely, intermediate, and thinly populated according to
the degree of urbanization. The information was not available for the
19 Azores islands municipalities’ (14, 15). The population per year,
sex, age group, and municipality was obtained from Statistics Portugal
and Pordata (16, 17). Smoking habits data were not available at the
individual or municipality levels. Smoking habits at a regional level,
obtained from the last Portugal National Health Inquiry published in
2016, were considered in the context of the discussion (18).
Methods. We performed a descriptive analysis of the total number
of LC cases from 2009 to 2011 and patient characteristics according
to sex. Additionally, we characterized the tumor histology per region
and degree of urbanization. A chi-squared test was used for the
comparison of proportions of variables between sexes. Differences
were statistically significant at p<0.05. Data were analyzed using
Statistical Package for Social Services (IBM SPSS Statistics for
Windows, version 24.0, Armonk, NY, USA). 
The annual incident rates (IR) according to sex were defined as
the number of new LC cases among males and females, in a given
area, in a specific year, divided by the number of person-years at risk
and corresponding to the sum of the mid-year population of males
and females that lived in that same area during the same year (19). 
The same approach was followed in the IR analysis per region. We
analyzed the crude IR per region to characterize the real incidence.
For the IR analysis per age group, patients were divided into six
groups. We calculated both crude and age-adjusted incidence rates.
Age-adjusted IR was computed by the direct standardization method
using two different European standard populations: EU1976 and
EU2010 (20). The former allows comparison with previous studies
whereas the latter is based on an age distribution closer to the current
demographic pattern (21, 22).
The identification of spatial clusters was carried out using Software
for the Spatial and Space-Time Scan Statistics (SaTScan™ version 9.6,
Martin Kulldorff, National Cancer Institute, Boston, MA, USA) (23).
Circular windows with a maximum of 20% of the studied population
were applied (24). A purely spatial statistical analysis was conducted
using a discrete Poisson model to detect the spatial distribution of high
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and low incidence clusters of LC on the Portuguese mainland. This
analysis was not conducted for the islands. Statistical significance of
clustering was based on Monte Carlo hypothesis testing by comparing
the likelihood ratio statistic test from the observed dataset with the
statistic test from 999 random datasets generated under the null
hypothesis of no clustering (10). We used the crude number of cases per
municipality because the objective was to identify real critical areas
independently of modifiable or non-modifiable (age-sex populations
distribution) risk factors. The results were mapped using the open source
geographic information system software QGIS™ (version 3.4) (25).
Results
During the time period 2009-2011, 11,642 LC cases were
diagnosed in Portugal, of which 8,914 (76.6%) were male and
2,728 (23.4%) female, with an incidence ratio per sex of
3.3:1. Mean age at diagnosis was 65.9 years old (standard
deviation=11.536) and median age (Quartile: Q1-Q3) was 66
years old (range=58-75 years). Mean and median ages were
similar when compared by sex. The number of LC cases
increased with age, with the age groups of 60-69 and 70-79
years old presenting the highest number of cases, in both
males and females (Table I).
From the total number of cases, 6,183 (53.1%) had
information on tumor stage; most presented with locally
advanced (N=1,460, 23.6%) or metastatic disease (N=3,612,
58.4%) at diagnosis. However, considering the lack of disease
stage information for a high proportion of cases, these data
must be interpreted with caution. At years 1, 3, and 5 after
diagnosis, 41.3%, 18.8%, and 13.4% were alive, respectively,
which reflects the high mortality associated with LC.
Mortality was higher in males than in females at all time
points post-diagnosis. The North and Lisbon Region presented
the highest number of cases, respectively 4,426 (38.0%) and
3,387 (29.1%). Azores islands and Alentejo had the highest
male to female ratios of 7.8:1 and 4.2:1, respectively. 
Degree of urbanization analysis excluded data from the
Azores Islands as no data were available per municipality.
For mainland Portugal and Madeira islands, Densely and
Intermediate populated areas accounted for more than 85%
of cases. NSCLC accounted for 77.3% of cases of which the
most common histological type was ADC (40.8%), SQCC
(22.7%), and NSCLC NOS (7.5%). ADC was more frequent
in females (57.0%) than in males (35.8%), but SQCC was
more common in males (26.8%) than females (9.3%). SCLC
represented 10.1% of all cases and was more frequently seen
in males (10.8%) than in females (7.6%). Other unspecified
(OU) histological types accounted for 12.6%. 
When analyzing the frequency of histological types per
degree of urbanization and region, we observed that ADC
was the most common reported type of cancer in all areas of
the mainland regardless of the degree of urbanization. In the
Madeira islands, OU types, and in the Azores islands, SQCC
and OU types, were more common than ADC (Table II). 
Incidence. Lung cancer cases increased by 9.5% from 2009
to 2011, ranging from 3,667 to 4,015 cases. Crude IR was
36.7 per 100,000 inhabitants with 58.8/100,000 and
16.5/100,000 respectively for male and female. Standardized
IR for EU2010 were similar with an overall IR of
37.5/100,000, 66.2/100,000 in males, and 15.7/100,000 in
females, reflecting the better matching of the revised
population per age group compared to the standardized IR
for EU1976 with substantially lower IR (27.1/100,000,
46.2/100,000 in males and 11.5/100,000 in females). Crude
IR increased more markedly after the age of 50 and peaked
in the age group 70-79 years old (122.8/100,000), with major
differences between male (221.1/100,000) and female
(49.6/100,000). Marked differences were also observed
within regions with the highest crude IR – in Azores islands
with 56.8/100,000, which was nearly 40% more than
Algarve, Lisbon Region, and the North (42.2, 40.0, and
39.9/100,000 respectively) and more than double of the
Central Region (25.6/100,000) (Table III). 
Spatial analysis. A pure spatial scan statistical analysis
identified four significant high incidence clusters (HIC) and
four significant low incidence clusters (LIC) (Table IV; Figure
1). The primary cluster was a LIC and included 90
municipalities that covered most of the Central Region and a
substantial part of northeast Alentejo, with a relative risk (RR)
of 0.62, matching the results of IR per region. The secondary
LIC comprised one in the inner North Region, and two in the
Lisbon Region, with RR of 0.78, 0.63, and 0.74, respectively.
The most relevant HIC were in the North and Lisbon
Region, specifically in the areas of the country’s major cities,
Oporto and Lisbon, with RR of 1.54 and 1.72, respectively.
We identified one additional HIC in the Lisbon Region and
the other in the south regions of Alentejo and Algarve, with
a RR of 1.24 and 1.17 respectively. 
Characterization of the specific clusters in terms of sex,
age groups, histological type, and stage at diagnosis is
included in Table IV. 
Discussion
This analysis showed a higher male to female ratio of new
LC cases in Portugal than what was reported worldwide
(3.3:1 vs. 2.1:1) (3).
The incidence of LC correlates with age for both sexes;
incidence below the age of 40 is very similar among males
and females and the gap between both sexes widens from the
age of 50 onwards. Traditionally, lung cancer incidence
reflects smoking patterns with a latency period of two to
three decades, and the prevalence of smoking (male:female)
(2, 26). LC data in never smokers is limited, but there is
some evidence that non-smoking females are more affected
by LC than males (2).
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Our data showed that mortality was higher in males than
in females at all time points (from 1 to 5 years after
diagnosis). This finding concurs with the literature, that
females have a lower mortality when compared to males (27).
During the 3-year time frame in our analysis (2009-
2011), the IR increased more in females than in males
(17.9% vs. 7.7%), which is also reflected in the literature
(26, 28). In Portugal, the 5-year lag time existing between
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Table I. Characteristics of lung cancer patients and tumor (N=11,642) in Portugal 2009-2011, according to sex.
Sex
Total Male Female p-Value
N=11,642 N=8,914 (76.6) N=2,728 (23.4)
Age group, N (%) N=8,914 (76.6) N=2,728 (23.4) <0.0001
<40 years, N (%) 152 (1.3) 80 (0.9) 72 (2.6)
40-49 years, N (%) 857 (7.4) 596 (6.7) 261 (9.6)
50-59 years, N (%) 2,373 (20.4) 1,840 (20.6) 533 (19.5)
60-69 years, N (%) 3,471 (29.8) 2,819 (31.7) 652 (23.9)
70-79 years, N (%) 3,387 (29.1) 2,603 (29.2) 784 (28.8)
≥80 years, N (%) 1,402 (12.0) 976 (10.9) 426 (15.6)
Age (years) N=8,914 (76.6) N=2,728 (23.4)
Mean (SD) 65.9 (11.536) 65.93 (11.037) 65.87 (13.035)
Median (Q1-Q3) 66 (58-75) 66 (58-74) 67 (57-76)
Vital status1 @1YR, N (%) N=11,560 N=8,854 (76.6) N=2,706 (23.4) <0.0001
Alive 4,771 (41.3) 3,335 (37.7) 1,436 (53.1)
Dead 6,789 (58.7) 5,519 (62.3) 1,270 (46.9)
Vital status1 @3YR, N (%) N=11,541 N=8,843 (76.6) N=2,698 (23.4) <0.0001
Alive 2,171 (18. 8) 1,380 (15.6) 791 (29.3)
Dead 9,370 (81.2) 7,463 (84.4) 1,907 (70.7)
Vital status1 @5YR, N (%) N=11,525 N=8,836 (76.7) N=2,689 (23.3) <0.0001
Alive 1,548 (13.4) 940 (10.6) 608 (22.6)
Dead 9,977 (86.6) 7,896 (89.4) 2,081 (77.4)
Region of residence, N (%) N=11,642 N=8,914 (76.6) N=2,728 (23.4) <0.0001
North 4,426 (38.0) 3,414 (38.3) 1,012 (37.0)
Central region 1,789 (15.4) 1,334 (15.0) 455 (16.7)
Lisbon region 3,387 (29.1) 2,501 (28.0) 886 (32.5)
Alentejo 802 (6.9) 649 (7.3) 153 (5.6)
Algarve 567 (4.9) 448 (5.0) 119 (4.4)
Madeira (islands) 250 (2.1) 195 (2.2) 55 (2.0)
Azores (islands) 421 (3.6) 373 (4.2) 48 (1.8)
Degree of urbanization, N (%) N=11,221 N=8,541 (76.1) N=2,680 (23.9) 0.014
Densely populated 5,679 (50.6) 4,275 (50.0) 1,404 (52.4)
Intermediate populated 3,987 (35.5) 3,040 (35.6) 947 (35.3)
Thinly populated 1,555 (13.9) 1,226 (14.4) 329 (12.3)
Histology, N (%) N=11,642 N=8,914 (76.6) N=2,728 (23.4) <0.0001
NSCLC 9,002 (77.3) 6,791 (76.2) 2,211 (81.0)
NSCLC NOS 872 (7.5) 726 (8.1) 146 (5.4)
ADC 4,751 (40.8) 3,194 (35.8) 1,557 (57.0)
SQCC 2,641 (22.7) 2,388 (26.8) 253 (9.3)
Others2 738 (6.3) 483 (5.4) 255 (9.3)
SCLC 1,173 (10.1) 966 (10.8) 207 (7.6)
OU 1,467 (12.6) 1,157 (13.0) 310 (11.4)
Stage3, N (%) N=6,183 (53.1) N=4,703 (76.1) N=1,480 (23.9) <0.0001
I 816 (13.2) 525 (11.2) 291 (19.7)
II 295 (4.8) 225 (4.8) 70 (4.7)
III 1,460 (23.6) 1,183 (25.2) 277 (18.7)
IV 3,612 (58.4) 2,770 (58.8) 842 (56.9)
1Information on vital status not available for 117 cases (1%): 82 missing at 1YR, 101 missing at 3YR, and 117 missing at 5YR post diagnosis.
2Others: include large cell carcinoma, mixed carcinoma, neuroendocrine lung cancer, and others. 346.9% (N=5,459) of cases without disease stage
information. NSCLC NOS: Non-small cell lung cancer not otherwise specified; ADC: adenocarcinoma; SQCC: Squamous cell carcinoma; SCLC:
small cell lung cancer; OU: other unspecified.
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Table III. New lung cancer cases, crude incidence rate (IR), and standardized incidence rate (SIR) for the European population, in Portugal per
105 inhabitants, and crude IR by age group and region of residence, for the years 2009-2011, according to sex.
Aggregate 2009-2011 2009 2010 2011
Total M F Total M F Total M F Total M F
Number of new 11,642 8,914 2,728 3,667 2,834 833 3,960 3,046 914 4,015 3,034 981
cases (N)
Crude IR (%) 36.7 58.8 16.5 34.7 56.0 15.1 37.5 60.3 16.6 38.1 60.3 17.8
SIR EU1976 (%) 27.1 46.2 11.5 26.2 45.0 10.7 27.6 47.2 11.5 27.7 46.3 12.4
SIR EU2010 (%) 37.5 65.2 15.7 36.0 63.1 14.6 38.3 66.8 15.8 38.3 65.8 16.8
Age group (IR)
<40 years (%) 1.0 1.1 1.0 1.2 1.2 1.2 1.0 1.4 0.6 0.9 0.6 1.1
40-49 years (%) 18.4 26.3 10.9 19.2 27.5 11.3 18.1 26.5 10.1 17.8 24.7 11.2
50-59 years (%) 56.6 91.6 24.4 54.3 90.3 21.2 56.6 92.6 23.5 58.8 91.7 28.5
60-69 years (%) 99.9 176.1 34.8 93.5 167.8 30.2 102.4 179.3 36.7 103.7 180.9 37.4
70-79 years (%) 122.8 221.1 49.6 118.8 214.0 48.2 128.2 231.0 51.5 121.3 218.3 49.0
≥80 years (%) 90.5 179.4 42.4 82.9 165.0 38.4 90.7 178.6 43.3 97.3 193.1 45.1
Region of 
residence (IR)
North (%) 39.9 64.3 17.5 34.1 55.6 14.2 41.9 67.7 18.2 43.8 69.6 20.1
Central region (%) 25.6 40.0 12.5 25.6 40.4 12.1 25.2 40.0 11.7 26.0 39.6 13.6
Lisbon region (%) 40.0 62.5 19.9 40.6 64.0 19.6 40.3 63.2 19.7 39.2 60.2 20.4
Alentejo (%) 35.3 58.9 13.0 33.1 57.6 9.9 36.5 58.5 15.8 36.2 60.5 13.4
Algarve (%) 42.2 68.5 17.3 41.3 63.8 19.7 41.9 69.5 15.6 43.5 72.2 16.5
Madeira (islands) (%) 31.3 51.8 13.0 31.1 51.6 12.8 28.4 46.7 12.0 34.4 57.4 14.2
Azores (islands) (%) 56.8 102.2 12.8 58.7 101.8 16.8 58.8 109.4 9.6 53.0 95.3 12.0
M: Male; F: female; IR: incidence rate; SIR EU1976: standardized incidence rate by European population of 1976; SIR EU2010: standardized
incidence rate by European population of 2010.
the year of diagnosis and the publication of incidence data
by DGS, does not allow a timely understanding of the
situation at the present. Nevertheless, considering the
increase in tobacco consumption among females in the last
decade, we expect that the IR trend is currently maintained
(18, 29).
Globally, the most common histological type of LC is
ADC in both sexes, followed by SQCC and SCLC (8). The
Table II. Histological characterization of lung cancer tumors of patients (N=11,642) in Portugal in the period 2009-2011, according to region and
degree of urbanization.
Total NSCLC NOS ADC SQCC Others1 SCLC OU
Number of cases, N (%) N=11,642 872 (7.5) 4,751 (40.8) 2,641 (22.7) 738 (6.3) 1,173 (10.1) 1,467 (12.6)
Region of residence, 
N (%)*
North 4,426 (38.0) 316 (7.1) 1 844 (41.7) 1,046 (23.6) 277 (6.3) 464 (10.5) 479 (10.8)
Central region 1,789 (15.4) 55 (3.1) 702 (39.2) 404 (22.6) 156 (8.7) 146 (8.2) 326 (18.2)
Lisbon region 3,387 (29.1) 277 (8.2) 1,506 (44.4) 758 (22.4) 200 (5.9) 369 (10.9) 277 (8.2)
Alentejo 802 (6.9) 105 (13.1) 288 (35.9) 162 (20.2) 53 (6.6) 90 (11.2) 104 (13.0)
Algarve 567 (4.9) 68 (12.0) 229 (40.4) 120 (21.2) 33 (5.8) 47 (8.3) 70 (12.3)
Madeira (islands) 250 (2.1) 9 (3.6) 67 (26.8) 45 (18.0) 11 (4.4) 13 (5.2) 105 (42.0)
Azores (islands) 421 (3.6) 42 (10.0) 115 (27.3) 106 (25.2) 8 (1.9) 44 (10.4) 106 (25.2)
Degree of urbanization2*, N=11,221 830 (7.4) 4,636 (41.3) 2,535 (22.6) 730 (6.5) 1,129 (10.1) 1,361 (12.1)
N (%)
Densely populated 5,679 (50.6) 466 (8.2) 2,484 (43.7) 1,271 (22.4) 343 (6.0) 595 (10.5) 520 (9.2)
Intermediate populated 3,987 (35.5) 246 (6.2) 1,594 (40.0) 903 (22.6) 286 (7.2) 392(9.8) 566 (14.2)
Thinly populated 1,555 (13.9) 118 (7.6) 558 (35.9) 361 (23.2) 101 (6.5) 142 (9.1) 275 (17.7)
1Others: include large cell carcinoma, mixed carcinoma, neuroendocrine lung cancer, and others. 2No degree of urbanization was available for
Azores islands. NSCLC NOS: Non-small cell lung cancer not otherwise specified; ADC: adenocarcinoma; SQCC: squamous cell carcinoma; SCLC:
small cell lung cancer; OU: other unspecified. *p<0.0001.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































same situation was observed in Portugal; however, the
proportion of ADC was substantially higher in females
compared to males (57.0% vs. 35.8%). However, the
opposite was observed for SQCC, which was much higher
in males (26.8% vs. 9.3%). In more developed countries,
there is a trend of increasing rates of ADC and a decrease in
SQCC and SCLC, which is likely linked with reduced
tobacco consumption, changes in cigarette composition, and
the use of filters in cigarettes (26) (30).
The ADC was also the most common histological type in
all mainland regions, but not in the Madeira islands where
the OU type was the highest and Azores islands where the
ADC presented at proportions similar to SQCC and OU type.
The reason for the high percentages of unspecified types in
both islands are not known; however, an unspecified
diagnosis can be linked to the nature of the biopsy, which
can lack distinctive features to allow accuracy, or to the poor
differentiation of certain tumor cells (31).
As in most countries, the vast majority of lung cancer
patients were diagnosed with locally advanced or metastatic
disease, which accounted for more than 75% of cases
regardless of sex, and which contributes to the low survival
rates of LC (32). A slightly higher proportion of stage I
cancer at diagnosis was observed in female patients, most
likely linked with more frequent detection in routine
screening or diagnostic imaging. However, these results must
be interpreted with caution due to the high proportion of
cases (46.9%) without disease stage information. In general,
the prognosis of patients with LC is poor, but patients with
operable disease do have a better prognosis (33). A strong
effort should be made to improve early diagnosis of LC as
there is evidence that if the condition is diagnosed early,
survival for both sexes can be improved. 
Regarding geography, there are substantial regional
differences in IR; Azores islands had the highest incidence
rate (56.8/100,000), as well as the highest male to female
ratio (7.8:1). These results are strongly aligned with a high
tobacco consumption in this region, which is much more
widespread in males than in females (18). Similar results,
although not as strong, were observed in Alentejo with a
male to female ratio of 4.2:1. On the mainland, we observed
the lowest IR (25.6/100,000) in the Central Region, that also
had the higher proportion of non-smokers in both sexes (18).
This finding also reflected the results obtained in the spatial
cluster analysis where the most relevant cluster was a LIC
that covered most of the Central Region. 
Comparing high (HIC) and low incidence clusters (LIC),
the main differences observed were related to the degree of
urbanization. In HIC, 75.6% of the cases occurred in densely
populated areas and only 6.3% in rural municipalities,
whereas in the LIC densely populated areas accounted only
for 26.7% and the remaining 52.1% and 21.2% in
intermediate and thinly populated areas, respectively.
Information about disease stages was much higher in HIC,
but when comparing the existing cases, the split was similar
with more than 80% of patients presenting in stages III and
IV. Within HIC, we observed that in purely urban clusters
more patients were diagnosed with stage I disease (in a range
of 13.4 to 18.7%) as compared with more rural clusters
(9.3%). However, the opposite occurred with stage III disease
where rural clusters had a higher proportion (28.9%)
compared to urban clusters (23.4%). These differences might
be linked with a timely access to differentiated care.
Nevertheless, from an overall perspective, the differences
identified between HIC and LIC cannot explain the disparities
in IR leading to the conclusion that other risk factors not
present in the analysis might have played a critical role. 
The main strength of our study was the use of population-
based data which originated from cancer registries that
combined provided nationwide coverage. Additionally,
cluster identification and spatial analysis were based on
smaller administrative units that can help to outline regional
disparities that could be missed or disregarded if a simple
urban versus rural approach was used to observe incidence
rates spatially in Portugal (10).
However, the study has several limitations. Incomplete
information or potential data entry errors in the official registry
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Figure 1. Geographic distribution of high and low incidence clusters in
mainland Portugal from 2009-2011.
datasets is possible. Individual-level information on smoking
behavior and other known risk factors for LC, namely exposure
to occupational or environmental pollutants, second hand smoke,
presence of comorbidities, and history of previous LC, are not
routinely captured in cancer registries thus, they cannot be used to
directly measure the contribution of these factors to the differences
in IR (27, 28, 34). Additionally, given the short time period used
for the analyses, we only analyzed the spatial distribution of LC
incidence and not temporal trends that could provide valuable
insight and information on the changing incidence rates in
Portugal. Moreover, we did not assess potential influencing factors
associated with clustering since they were absent from our analysis
dataset. Finally, the time lag from diagnosis to data availability for
evaluation purposes was long and can negatively impact the timely
implementation of public health policies.
Further studies are required to evaluate spatial and
temporal changes in the pattern of LC incidence in Portugal
using data from a longer surveillance period. Additionally,
more detailed individual and contextual level information is
needed to evaluate potential incidence determinants in the
identified clusters (implementation of local studies).
Evidence-based knowledge is important to adequately plan
health interventions; thus, it is important to consider including
in the National Cancer Registry additional information related
to key risk factors and tumor characteristics, in order to
enable a deeper analysis of the root causes for lung cancer
incidence and mortality differences. 
Conclusion
This study highlighted the sex differences observed in terms
of incidence, mortality, histologic type, and geographic
distribution of LC in Portugal. The spatial analysis identified
four high and four low incidence clusters on the mainland,
complementing the differences observed between regions. The
HIC were mainly urban clusters and LIC more non-urban. As
most LC cases were diagnosed at an advanced stage and thus
have poor survival expectations, identification of high
incidence areas can be very valuable for the prioritization of
public health interventions. Identifying specific subgroups at
highest risk and a clear description of the most critical causal
factors can help to tailor strategies that are essential to reduce
the burden of lung cancer in Portugal. 
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